Granulocyte colonies can be grown from leukocyte-rich plasma obtained from normal human peripheral blood. Purification of lymphocytes by the Ficoll-Hypaque gradient method and subsequent removal of monocytes achieved a 10-fold increase in the number of colonies formed, suggesting that the colony-forming cell is nonadherent, nonphagocytic, and morphologically difficult to distinguish from a lymphocyte. Ultrastructural analysis of intact colonies by a new method developed for this purpose showed orderly differentiation and maturation. Only undifferentiated cells were seen in colonies on day 5, promyelocytes with developing primary lysosomes were present on day 9, whereas myelocytes and metamyelocytes were most prevalent on days 15 and 21, respectively. The studies suggest where further concentration of precursor cells may be attempted, and where further functional and histochemical analysis of colonies on the ultrastructural level will be possible.
It has been well established that human peripheral blood contains precursor cells that can give rise to granulocyte and monocyte colonies when cultured in vitro on semi-solid media (1-3). The identity of the precursor cell(s) and the degree of maturation achieved under such conditions are still open to question. It is obvious that answers to these questions are not merely of scientific interest but may also have significant clinical implications. The efficacy of hematopoietic restoration in patients with spontaneous or iatrogenically induced marrow aplasia would be enhanced if concentration of stem cells became feasible. Moreover, if differentiation and maturation of cells obtained from healthy subjects could be shown to proceed normally in vitro, it may be possible to pinpoint specific defects responsible for pathologic alterations.
In an attempt to decrease the heterogeneity of cells at the outset, purified lymphocytes rather than whole buffy coat cells were cultured. In addition, a new method was developed to permit ultrastructural analysis of whole colonies and their component cells for the first time. The results were surprising in that the plating efficiency of "purified" lymphocytes proved to be about ten times greater than that of whole buffy coat cells and almost twice as great as that of mononuclear cell fractions from which only granulocytes and erythrocytes had been removed. Electron microscopic analysis of the colonies at various time intervals suggested orderly maturation from primitive "blast" colonies on day 5, to a predominance of promyelocytes and myelocytes on day 15, and the highest incidence of mature granulocytes in 3-week-old cultures. Our preliminary observations have been presented in part elsewhere (4) . 2711
MATERIALS AND METHODS
Mononuclear cell fractions were prepared by Ficoll-Hypaque (Pharmacia Fine Chemicals and Winthrop, respectively) (5) from 100 ml of heparinized blood of 12 normal subjects.
Since such fractions contain about 40% monocytes, further purification was carried out as described (6) . After incubation of the cell suspension with 5 cytoplasm that was almost devoid of organelles (Fig. 3) . On day 9, some colonies still consisted of primitive cells whereas others had differentiated into precursors of the granulocytic series. None of the cells had matured beyond the promyelocyte stage of development. The granules were very electron dense, measured 600-800 urm in diameter and appeared to arise mostly from the concave aspect of the Golgi zone (Fig. 4) . Myelocytes, metamyelocytes, and mature granulocytes were found in 15-and 21-day-old cultures (Figs. 5-7). At 21 days, when the colonies were very large (containing 800-1000 cells), a considerable amount of cellular debris was found in their center even though mitotic figures were also still present (Fig. 5) . Eosinophilic myelocytes and metamyelocytes were easily distinguished from the neutrophilic series, but difficulty was encountered in telling neutrophilic myelocytes from possible monocytes. Occasionally such cells were seen in colonies consisting of less mature eosinophilic precursors. Although the degree of maturation achieved by eosinophils and neutrophils was essentially normal and resembled that seen in the bone marrow of normal subjects, the number of fully matured cells was sparse. They were most readily found in 21-day-old cultures where they occurred among cells at a lesser stage of differentiation. The nuclei of mature granulocytes were devoid of nucleoli and had a chromatin distribution characteristic of such cells in circulating blood (Fig. 6 ). The specific granules were normal in size and structure, the Golgi zone was atrophied, and there were only rare profiles of rough endoplasmic reticulum. In addition, mitochondria had become sparse and glycogen particles were abundant. Although the identity of eosinophils was never in doubt, typical granules with an electron dense crystalloid core and a less osmiophilic matrix (Fig. 7) were not entirely identical to those seen in normal human blood. More frequently, the granules were uniformly electron dense and resembled those sometimes seen in patients with peripheral blood or tissue eosinophilia. In addition, very large peroxidase-positive granules (800-1000 Mm) commonly present in marrow eosinophils were numerous in cultured cells (arrows in Fig. 7 ).
DISCUSSION
It is apparent from the data presented here that the cells that give rise to granulocyte colonies in vitro are nonadherent, nonphagocytic, and probably morphologically indistinguishable from lymphocytes circulating in normal human blood. The plating efficiency of "purified" lymphocytes exceeded that which would be expected if simple enrichment of colonyforming cells had taken place during the isolation procedure. It is possible that removal of short-lived granulocytes, which are likely to release lysosomal enzymes during their disintegration in culture, may have had an additional salutory effect. Whether the colony-forming cell should be considered a special kind of noncommitted lymphocyte or whether it represents a precursor cell completely unrelated to the lymphoid cell line is subject to debate and, hopefully, further investigation. As shown in Fig. 3 , it is our impression that the most likely candidate to serve as a colony-forming cell is a small "round" cell with a large nucleus and a thin rim of cytoplasm with few organelles. Such cells were occasionally encountered among primitive colonies. However, in contrast to Dicke et al. (7), we are not as confident in our ability to distinguish this cell from a small unstimulated lymphocyte by further scrutiny and their potential for further proliferation or differentiation has not been established.
In general, the undifferentiated cells found in 5-day-old colonies had more irregular contours and more rough endoplasmic reticulum than dividing lymphocytes in phytohemagglutinin-stimulated cultures. However, at times it would be difficult to distinguish one "blast" cell from another. In this context, it is of interest to recall that monocytes appear to be necessary, at least initially, for successful culture of lymphocytes. A morphologic analysis of the type of cells found in the colonies obtained from heterogeneous mononuclear cell fractions described by Rubin and Cowan (8) would be of great interest in this regard. Preliminary experiments in our laboratory have shown lymphocytes to be present among colonies obtained from the culture of FicollHypaque preparations from which monocytes had not been eliminated.
The appearance of peroxidase-positive granules at the promyelocyte stage of development provides the first indication that the cells have entered the myelocytic series of differentiation. Promyelocytes constituted the prevalent cell type in 15-day-old cultures, whereas myelocytes and metamyelocytes dominated in 21-day-old colonies. The paucity of fully matured cells may be attributable to the short life span of such cells even under in vivo conditions. From a practical standpoint, the relative immaturity of the colonies may prove to be advantageous if subculture of various cell lines would be attempted or if the clinical use of such preparations would become feasible. 
